Since the inception of newborn screening in the United States in the 1960s, newborn screening has gradually been introduced throughout the world. Screening programs in other nations tend to focus on the detection of phenylketonuria (PKU) and congenital hypothyroidism (CH). In addition to these two conditions, other disorders may be targets for screening in different countries, based on disease prevalence, newborn screening infrastructure, and cost. As a preview of this international survey, the following observations may be made:
Screening for PKU is nearly universal in Europe, although the national panels for other disorders are less uniform. By contrast, CH is the most widely targeted disorder in Latin America and the AsiaPacific region. Countries in the Middle East and North Africa exhibit wide variation in their screening panels, with three countries screening for more than ten disorders, whereas other countries provide routine screening for as few as one. In many parts of the world there has been a recent push toward implementing population-wide screening for an expanded list of disorders via tandem mass spectrometry (MS/MS). Newborn screening by this technology is available nationwide in several European countries (Austria, Belgium, Denmark, Germany, the Netherlands, Poland, Portugal, Spain, Switzerland, and the United Kingdom), as well as in a few countries in the Middle East and North Africa (Israel, Qatar, and Saudi Arabia), the Americas (Canada and Costa Rica), and the Asia-Pacific region (Australia and New Zealand).
Unless specifically noted and identified as pilot programs, all screening programs described in the following are population-wide. Moreover, information about newborn screening programs and practices is, for the most part, relevant to understanding three variables:
1. coverage, which refers to the portion of the population screened for a particular genetic disorder or panel of disorders, and "universal" screening, either as a goal or as an achievement, refers to screening targeted at 100 percent of the given-in this case, newborn-population; 2. the genetic conditions that are targets for screening, which are often grouped in panels; and 3. the technologies deployed for the purposes of screening, e.g., tandem mass spectrometry.
In the following, information about these three variables is provided on a region-byregion, as well as country-by-country basis. In addition, the appendix provides, in table format, information on the genetic disorders and deficiencies that are the targets of newborn screening in the U.S.A. and abroad: 
I. The Americas
This section includes information on the newborn screening programs in Canada as well as Latin America. Canada has a newborn screening program in many ways comparable to that of the United States, with newborn screening programs governed provincially. Latin America is comprised of twenty countries 1 with varying levels of newborn screening coverage. Some countries-for example, Chile, Costa Rica, Cuba, and Uruguay-have almost 100 percent coverage, whereas in countries such as El Salvador, Honduras, and Haiti, there is no routine screening.
2 Although countries may exhibit high levels of newborn screening coverage, there is wide variation in the number of disorders screened. Uruguay and Costa Rica, for example, both have close to universal coverage, but Uruguay only screens for CH, whereas Costa Rica screens for a panel of up to twentyfour disorders.
3 Overall, programs in the Latin American region-which started screening newborns in the 1970s-primarily target CH (with mandated screening in ten countries). PKU is screened systematically only in Argentina, Brazil, Chile, Costa Rica, Cuba, Guatemala, Paraguay, and Venezuela. 4 11 Currently, all twenty-seven states screen for at least PKU and CH, making newborn screening coverage available to 80.2 percent of the population.
12 Ten states screen additionally for the haemoglobinopathies and sickle cell disease (SCD), while another three states also include screening for CF. 13 Although there are no data available for d 5 Ibid. 6 Ibid. 7 Ibid., p. 475. For Brazil, in addition to the routine screening of CH, PKU, CF, and the hemoglobinopathies, tests are also available for GAL, congenital adrenal hyperplasia (CAH), biotinidase deficiency (BD), maple syrup urine disease (MSUD), glucose 6 phosphate dehydrogenase (G6PD), the aminoacidopathies, medium-chain acyl-CoA dehydrogenase (MCAD), as well as the infectious diseases toxoplasmosis (TOXO), Chagas disease, rubella, HIV, and cytomegalovirus. In Chile, in addition to legislation that mandates screening for PKU and CH, parents may request additional screening for MSUD, tryosinemia type 1 (TYR-I), propionic acidemia (PA), methylmalonic aciduria (MMA), isovaleric aciduria (IVA), glutaric aciduria type 1 (GA-I), MCAD, and short-chain-acyl-CoA dehydrogenase deficiency (SCAD). 8 See Borrajo, p. 470: Geographically, Brazil accounts for 42.6 percent of the total land in the region and 34 percent of the total population. When combined with the population of Mexico, these two countries contribute 53.3 percent of the total Latin American population and 47.9 percent of the total births. 9 T. Marini de Carvalho, et al., "Newborn screening: A national public health programme in Brazil," Journal of Inherited Metabolic Disease Short Report #068 online (2007); 1-7; p. 2. http://www.springerlink.com/content/0442828h11366v26/fulltext.pdf (accessed May 5, 2009). 10 Ibid., p. 3. 11 Ibid., p. 4. Objectives of the NSNP include: increasing the number of disorders; providing 100 percent coverage; and determining the process of newborn screening activity among the states. 12 Ibid., p. 4. 13 Ibid. 14 Ibid., p. 6.
B. Canada
ts screening programs, only six of eight provincial laboratories ave implemented MS/MS. 19 ening for six other secondary disorders is offered to select populations or st. 22 Canada is a federation comprising ten provinces and three territories. 15 Newborn screening started in the maritime province of Prince Edward Island in 1963-around the same time that it was being developed in the United States-and almost all provinces had screening services by 1970. 16 Even though newborn screening is now offered (with the option to refuse) in all ten provinces and three territories, no nationwide policy currently exists. Only PKU and CH are screened for universally throughout Canada. The province programs differ significantly in the number of disorders for which screening is conducted, ranging from five to thirty-eight. 17 There is a strong push, however, to provide uniform access throughout the country. 18 Although Canada has recently considerably expanded i h
The American College of Medical Genetics (ACMG) report seems to have been influential in Canada. For example, Ontario screens for all twenty-nine of the ACMG report's core conditions, while Saskatchewan offers (but does not require) screening to all newborns for twenty of the ACMG's core conditions 20 and fourteen of the secondary targets. 21 Scre by reque C. Costa Rica alassemia, Hb S, Hb C, Hb D, Hb E, and CPT-II, with pilot screening r CF and BD.
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The Asia-Pacific Region outside of the hospital setting, approaching ighty percent in some areas.
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A National Neonatal and High Risk Screening Program has been operating in Costa Rica since March of 1990 to include CH, PKU, and MSUD. 23 In January of 2002, the program was expanded to include screening for CAH, and the galactosemias, GALT and galactokinase (GALK). 24 A couple of years later, the Japanese Agency of International Cooperation (JICA) donated a tandem mass spectrometer, which allowed the program to expand considerably by June of 2004, i.e., to screen for an additional thirteen organic acidemias and fatty acid oxidation disorders. 25 Currently, Costa Rica has legislation covering twenty-four diseases and the following disorders have been added since 2004: α-thalassemia, β-th fo
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The Asia-Pacific region comprises twenty-four countries 27 and roughly half the births in the world. 28 In many of these countries, newborn screening programs have been introduced relatively recently. In general, CH is the most frequently targeted condition, followed by PKU, GAL, MSUD, and CAH. Some countries-for example, Australia, Japan, New Zealand, the Philippines, and Taiwan-have quite robust panels, while for others-for example, Cambodia, Laos, Nepal, and North Korea-no data is available.
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Other countries, such as Singapore, are moving in the direction of adding disorders to its panel; beyond screening for PKU and CH, screening by MS/MS is available by parental request in government hospitals and the country intends to expand screening to include over twenty-five metabolic conditions. 30 For implementing newborn screening programs throughout the region, current challenges include differences in language and culture, extremes in geography, depressed economies, unstable governments, and-for developing countries-the number of births e 38 and G6PD only in Malaysia, the Philippines, and Taiwan. 39 In contrast to other countries in the region, newborn screening is mandated by law in the Philippines and China. 40 And in the two countries with the largest disease panels routinely screened by MS/MS-Australia and New Zealand-consensus is still lacking on which disorders to include in the panels.
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A. Australia
Australia is divided into six states-Western Australia, South Australia, Victoria, New South Wales, Queensland, and Tasmania-and newborn screening services are coordinated from five centralized laboratories. 42 Each state health department determines its own newborn screening policy. Although there are some differences in policy (e.g., there are variations in the card retention period), there are few differences with respect to the disorders screened, with all states including at least twenty-five conditions. 45 Their screening programs are based on professional guidelines that are described in a work entitled "Newborn Blood Spot Screening." 46 These guidelines recommend voluntary participation, adequate 32 Ibid., p. 503. These countries are Australia, Bangladesh, China, Japan, South Korea, Malaysia, New Zealand, Palau (contracted with the Philippines to begin screening panel), Philippines, Taiwan, and Thailand. 33 Ibid. These countries are Australia, China, Japan, South Korea, New Zealand, Palau (contracted with the Philippines to being screening panel), Philippines, Taiwan, and Thailand. 34 Ibid. These countries are Australia, Japan, South Korea, New Zealand, Palau (contracted with the Philippines to begin same screening panel), Philippines, and Taiwan. 35 Ibid. Palau has contracted with the Philippines to screen for this disorder. 36 written information for parents, and a policy for sample card retention, storage, and use. The policy statement highly recommends screening for PKU, CH, and CF (which can be diagnosed early and treated, leading to demonstrated benefit to affected newborns), while it simply recommends the screening for some other disorders (e.g., BD, CAH, GAL, and the hemoglobinopathies) because there are likely benefits from early detection. Several disorders are not recommended, either because tests are unavailable, the benefits from early diagnosis are uncertain, or the test is unsuitable. These disorders include ADA deficiency, duchenne muscular dystrophy (DMD), familial hypercholesterolemia II, G6PD, hemochromatosis, lysosomal storage disorders, neuroblastoma, and TOXO.
B. New Zealand
In 1966, New Zealand became one of the first countries in the world to initiate a program for newborn screening for metabolic disorders. 
C. Republic of the Philippines
Newborn screening in the Republic of the Philippines has developed relatively recently, beginning with a 1996 pilot project to map and quantify the incidence of CH, CAH, GAL, PKU, and HCY. 48 After the program was evaluated for cost-effectiveness and policy changes, newborn screening became a national, comprehensive policy, with the promulgation of the "Newborn Screening Act of 2004," 49 and today targets the following disorders: PKU, CH, CAH, GAL, and G6PD.
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The Act mandates the offering of newborn screening services (Article 1, Section 3) and makes clear an "obligation to inform" (Article 3, Section 5) parents of the availability, nature, and benefits of newborn screening. The parents may refuse screening for religious reasons (Article 3, Section 7), but this refusal must be stated in writing, and the risks involved must be explained. Finally, an Advisory Committee on Newborn Screening was created (Article 4, Section 11) to annually review the program, as well as recommend new conditions for inclusion. Newborn screening services are not free, although subsidies are provided based on the financial situation of the parents. Current challenges include 47 A breakdown of these disorders can be found at http://www.nsu. 55 By January 2007, several countries-Austria, Belgium, Denmark, Germany, the Netherlands, Poland, Portugal, Spain, Switzerland, and the United Kingdom-were using MS/MS to detect a larger number of disorders. 56 In those countries in which MS/MS is not yet nationwide, the technology has been under review, and some countries are considering its implementation. 57 In the countries that use MS/MS, the panels are quite diverse, possibly reflecting different assessments of risks and benefits, although each program claims to be based on the original screening criteria of Wilson and Jungner. 58 Whereas some countries-for example Austria, Belgium, and Denmarkscreen for up to twenty disorders, the panel in Spain includes eleven and Switzerland's 51 Ibid., p. 501. 52 See the website of the National Newborn Screening Programme: http://www.nnsp.ie/master.html (accessed May 5, 2009). 53 For the purposes of this discussion, Europe encompasses the forty-five member countries of the Council of Europe, as well as Scotland and Wales. These forty-five member countries are Albania, Armenia, Austria, Azerbaijan, Belarus, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, Estonia, Finland, France, Georgia, Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia, Liechtenstein, Lithuania, Luxembourg, Macedonia, Malta, Moldova, Montenegro, Netherlands, Norway, Poland, Portugal, Romania, Russia, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, and the United Kingdom. 54 62 A number of disorders were found to require further evaluation and were not included to the panel; some of these were regarded as non-diseases or as biochemical abnormalities with doubtful pathological meaning. 63 For example, 3-MCC was excluded from the panel because only a small proportion of affected children developed a life-threatening hypoglycemia. 64 The current screening panel includes the following fifteen disorders: PKU, CH, CAH, GAL, BD, MCAD, MSUD, MCAD, LCHAD, VLCAD, CPT-Ia, CPT II/CACT, IVA, and GA-I. 65 In addition to this screening panel, there are pilot programs for CF and G6PD. 66 One of the German states, Hessen, has officially added disorders beyond these recommended conditions, producing a panel that more closely resembles the core panel recommended by the ACMG. 67 The German program includes the following notable features: First, the screening program is not mandatory, but recommended. 68 Second, written consent is required by at least one parent. 69 Third, any incidental findings-i.e., of disorders that are necessarily detected while trying to detect the primary targets-are to be discarded and not shared with the infant's physician or parents.
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B. The Netherlands
There is a national program for newborn screening in the Netherlands in which participation is voluntary with informed parental consent. 71 This program originally targeted three conditions-PKU, CH, and CAH.
Newborn screening policy is based on recommendations of the Health Council of the Netherlands to the Minister of Health who decides whether to include or exclude a condition. 72 On August 12, 2003, the Health Council of the Netherlands was asked by the State Secretary of Health, Welfare and Sport to report on the current state of knowledge of newborn screening, especially concerning whether the criteria for screening were still adequate in light of new developments in technology and whether new disorders should be considered for program expansion. On August 22, 2005 , the Health Council responded with a report entitled, Neonatal Screening, which reaffirmed the original criteria for screening 73 and recommended the addition of fifteen disorders.
A significant feature of this report is its insistence that screening should only be performed when there is a tangible health benefit to the newborn. 74 More than thirty disorders in total were considered based on international literature that suggested their merit for inclusion. The Committee assigned disorders to the following three categories: (1) disorders that can prevent considerable irreparable damage (should be included); (2) disorders for which this applies to a lesser degree or for which the evidence is 70 Pollitt, "Introducing new screens," p. 426. According to Pollitt, other countries in Europe approach the question of incidental findings differently: "The ACMG report included almost all possible incidental findings in its definition of a secondary target. In the Danish pilot project, full use was made of all available MS/MS data, resulting in the diagnosis of three babies with diseases not formally covered in the project. In the Netherlands, incidental data are retained for possible use should clinical problems develop. In Switzerland, only phenylalanine and octanoylcarnitine are allowed to be seen during routine screening, with the ability to call up tyrosine, hexanoylcarnitine and decenoylcarnitine in the case of a possible positive result. Other raw data are stored separately but can be viewed for a single baby in response to a formal request. In the UK, MS/MS screening is to be limited to selective-reaction monitoring for octanoylcarnitine (for MCAD deficiency) and phenylalanine only, thus greatly limiting the possibility of incidental diagnoses" (ibid.). (1989) and Genetic Screening (1994). The 1989 report emphasized prevention, reliability, and informed consent, while the 1994 report stressed the importance of follow-up testing facilities, careful consideration of the burdens placed on the patient, and the potential psychological and social harms and benefits to all participants-the patient, the family, and community groups. 74 On page 28, the report states: "The interests of family members, healthcare workers, and society as a whole are of secondary importance….The potential health gain must be substantial and clear, and not merely statistically significant or else lacking in factual support." inconclusive (may be included); and (3) disorders for which newborn screening does not prevent damage to health (should not be included). 75 The recommendations of the Health Council report formed the basis for an expanded panel of conditions to be screened in 2007. 76 The Minister of Health decided to add the following disorders in addition to PKU, CH, and CAH: BD, GA-I, HMG, MCD, HCY, IVA, LCHAD, MSUD, MCAD, 3-MCC, TYR-I, VLCAD, and SCD. 77 A pilot program additionally screens for CF with the aim of including it in the nationwide program by 2010. 78 
C. United Kingdom
The British newborn screening program is publicly funded and voluntary (requiring informed parental consent), and disorders are included in the program only after extensive review. Screening is overseen by the National Screening Committee (NSC), which was established in 1996 to advise the Ministers and the National Health Service (in all four U.K. countries) about screening policy and implementation. 79 In this role, the NSC evaluates whether a condition should be added based on research evidence, pilot programs, economic evaluation, as well as according to internationally recognized criteria. 80 The NSC's criteria for including a disorder are as follows: the condition should be an important health problem; the epidemiology and natural history of the condition should be adequately understood; effective treatment or intervention should be in place; and high-quality Randomized Controlled Trials must demonstrate the program's effectiveness in reducing mortality or morbidity. Standards to govern the newborn screening program were developed originally in April of 2005 and were updated in August of 2008.
Additionally, the Newborn Screening Programme Centre was created in 2002 to provide uniform quality standards in each of the four countries, thus ensuring that every newborn has access to the same services regardless of place of birth. Currently three disorders are routinely screened in all four U.K. countries-PKU, CH, and CF. 81 A separate program targets SCD, 82 however at this time this disorder is screened population-wide only in England. 83 Currently, a program to screen newborns by MS/MS exists for MCAD in England and Northern Ireland; Scotland will introduce screening for this disorder by March 2011. 84 No other disorders have been approved for screening by MS/MS. 85 Parents are given a national pre-screening informational leaflet (usually in the third trimester), and their consent is required for screening. At least 24 hours before screening, midwives are to discuss the newborn screening program with parents, specifically concerning the following: the conditions screened; how the sample is taken; why a second sample sometimes is necessary; when to expect testing results; the screening of sickle-cell disorders and CF; accuracy; and any questions that the parents might have. It is possible to decline testing either for a specific condition or for the entire program. In such cases, further information is offered to parents, including contact numbers should the parents change their minds. Blood spots are stored for a minimum of five years for quality management, and the cards are separated from personal information.
IV. The Middle East and Northern Africa
The region of the Middle East and Northern Africa (MENA) consists of twenty-one countries, 86 five of which have national programs for newborn screening, 87 while eight have limited programs and pilot studies. 88 Because the population is characterized by high rates of consanguinity and first-cousin marriages, 89 genetic disorders are relatively common. Overall, newborn screening in this region is developing slowly and faces not only infrastructural challenges, but also political, ethical, and logistical difficulties. 90 substantially more than in Germany. 99 This decision was based on several factors: although disease prevalences for the country were unknown, it was believed that, due to high rates of consanguinity and centuries-long genetic isolation, disorders that are quite rare in Germany might be more common in Qatar. 100 Neonatologists and nurses provided information to mothers verbally and also provided a written brochure prior to blood sampling. 101 The results were striking: a newborn in Qatar is twice as likely to suffer from one of the twenty-eight diseases than a baby born in Germany. 102 This panel of disorders will be maintained; pending the outcome of a retrospective study, sickle cell disease may be added.
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C. Saudi Arabia
This country has screened newborns for CH since 1991; as of 2005, Saudi Arabia screens for GAL, BD, CH, and CAH, as well as targeting twelve metabolic conditions by MS/MS. 104 In terms of participation, however, expanded screening is in phase I, meaning that it only covers twenty-five percent of the newborn population.
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V. Conclusion
This brief survey summarizes the current state of newborn screening programs beyond the borders of the United States. Based on available data and information, this survey provides a useful perspective on the worldwide policy landscape and on the potential expansion of newborn screening in the coming years. If its findings were to be summarized in one generalization, it would be this: routine screening of newborns is expanding considerably throughout all regions of the world.
In several of these regions, genetic screening is already a routine part of the care of most newborns. Many countries screen all newborns for PKU and CH, although in some of the more developed countries, the routine screening panels include twenty or more conditions. In other parts of the world, newborn screening is only just getting started. Some countries have initiated population-wide screening only within the last several years. For countries in this category, the rate of participation in screening programs can be low, and external factors-such as births outside the hospital setting or financial issues-may hinder the further development of a nationwide program. Some international 
